Perioperative pulse oximetry was performed on one hundred consecutive abdominal surgical patients to audit our management of perioperative oxygenation. Oximetry was performed preoperatively, in the recovery room, and daily in the ward until discharge or the sixth postoperative day, with prescribed oxygen therapy continuing during measurement. Twenty-nine patients had saturations of90% or less on a total offifty-one occasions. Twenty-nine patients were prescribed prophylactic oxygen therapy, but seven had oxygen therapy stopped prematurely and were found to have saturations of 90% or less. In this group of patients, clinical assessment of oxygenation and the needfor oxygen therapy was inadequate. Intermittent oximetry is rapidly and simply performed, and by detecting patients with arterial haemoglobin desaturation, could improve oxygen prescribing in the perioperative period.
The fact that patients undergoing abdominal surgery can become hypoxaemic in the perioperative period is well-known, as are the risk factors associated with this problem, and the reasons why it occurs. 1·5 With appropriate selection of patients for postoperative oxygen therapy, few patients become hypoxaemic, but there is little evidence that this is the case. Intermittent use of one pulse oximeter between many patients should allow accurate, painless and rapid assessment of oxygenation 6 ,7 in the perioperative period, at a relatively low cost.
In order to perform a critical audit 8 of the management of perioperative oxygenation and assess the potential of intermittent oximetry, the following survey was carried out.
PATIENTS AND METHODS
With the agreement of the general surgical staff, and the Hospital Ethics Committee, informed consent for repeated oximetry and survey participation was obtained from all patients.
Adult patients scheduled for both elective and emergency abdominal surgery over an eight-week period had oximetry performed preoperatively, on recovery room arrival and departure, and each evening thereafter until discharge or the sixth postoperative day. All patients were given oxygen on arrival in the recovery room but thereafter only if it had been prescribed by their anaesthetist or surgical team. Saturations of 90% or less were defined as hypoxic events and reported to the patient's anaesthetist or surgical team. There was no defined anaesthetic or postoperative care protocol. All readings were made without altering current oxygen therapy, or attempting to alter patients' level of consiousness, e.g. by rousing them from sleep.
A Nellcor N-1O oximeter was used for all readings, according to the manufacturer's instructions, with the sensor shielded from direct sunlight or fluorescent light. Two readings were taken and if identical this value was recorded. If not, a third reading was made and the mean value rounded to the nearest whole number. The N-l 0 does not produce a continuous saturation estimate, but instead produces a single estimate after sensing a signal of sufficient strength for a sufficient time (approximately 15 seconds).
Each patient had his or her age, ideal weight percentage, smoking history and extent of incision recorded. ASA rating is not routinely recorded on the anaesthetic record at this hospital and so assessments of patients' ASA ratings were unavailable.
Oxygen therapy after recovery room arrival was split into two types. Prophylactic oxygen therapy was that prescribed before an hypoxic event had been detected. Oxygen prescribed after an hypoxic event had occurred was judged to be treatment if the patient was receiving oxygen when subsequent saturation estimates were made.
RESULTS
A total of one hundred patients were surveyed over the eight weeks. There were fifty-five females and forty-five males. The mean age was 52 years and a range of 13 to 88 years, (SD 21).
Ideal body weight % was computed by the formula: 9 Ht (cm) -100 ideal body weight (kg) male Ht (cm) -105 ideal body weight (kg) female Mean 108%, range 64-188%, SO 24%.
There were twenty-six patients who currently smoked, twenty-seven who had previously smoked regularly but had given up at varying times prior to surgery, and fortyseven who had never smoked. Fifty-four patients had incisions below the umbilicus, while forty-six patients had incisions wholly or in part above the umbilicus.
Sixty-four patients underwent elective procedures, the remaining thirty-six having emergency surgery.
Twenty-nine patients had a total of fifty-one hypoxic events recorded and reported at some Fifteen patients had more than one event, with one patient having four events reported. (Table 2 ).
These events occurred at all stages of the perioperative course with a peak incidence on postoperative days ' 1 and 2 and with a moderate number of events even on days 3 and 4. ( Table 3 ).
The number of patients with trough saturations of various levels during their perioperative course is shown in Table 4 . Thirteen patients had saturations of 85% or less at some point.
Twenty-nine patients were recognised by anaesthetic staff as having a high risk of developing hypoxaemia and were therefore prescribed prophylactic oxygen. Of these, seven (24%) had their oxygen therapy stopped prematurely by their surgical team and became hypoxaemic.
Nine patients who had hypoxic events detected received oxygen during some oftheir subsequent saturation estimations, and were recorded as having received treatment oxygen. Four of these patients had their treatment oxygen therapy stopped prematurely and had a further hypoxic event(s) recorded.
Four patients had hypoxic events while receiving oxygen therapy as prescribed. A total of five events were recorded, three upon arrival in the recovery room when all patients in the survey received oxygen.
DISCUSSION

Survey aims
It is important to make the aims of this survey quite clear. It was designed to discover how well a group of patients, supervised by specialists in anaesthesia and surgery, are actually managed when it comes to the problem of postoperative hypoxaemia. Secondly, it was designed to assess the potential of pulse oximetry in this setting. It was not aimed at describing the existence and pattern of postoperative hypoxaemia, nor discovering the risk factors associated with postoperative hypoxaemia, nor testing whether oxygen therapy was effective in treating postoperative hypoxaemia. These three areas of knowledge are well described in the literature and have passed into the surgical and anaesthetic curricula, taught to those who aspire to specialist status in these areas. If postoperative hypoxaemia is wellanticipated, monitored and treated already, then oximetry is a needless expense. Conversely, if in spite of what is known oximetry discovers a significant number of patients are hypoxaemic, then the use of oximeters will improve management of the problem, by indicating that it exists and then assessing the adequacy of treatment.
Survey design
The survey was designed to try to interfere as little as possible with, and to provoke as little change as possible in, current practice over the survey period. Intervention only occurred when a hazardous situation was discovered, the defined 'hypoxic event' at saturations of 90% or less, when the first clinical signs of hypoxaemia are said to occurlO. The doctor immediately responsible for that patient's care was notified, but no suggestion of what should be done or assessment of the adequacy of the treatment was made by the surveyor until the next survey estimate, these matters being the responsibility of the patient's own doctor.
Patients were surveyed 'as they lay' without rousing them or stirring them, for hypoxia is no more acceptable in the asleep or sedated patient than it is in the awake.
The oximeter chosen, the Nellcor N-lO is designed for use as a portable intermitt~nt monitor by non-medical staff. It does not produce a reading unless it detects a signal of sufficient strength. It produces a single value estimation rather than presenting a continous assessment of saturation from which a value must be chosen. It is ideally suited for use by nursing staff in the same way as they take temperatures, check pulse rates, blood pressures, respiratory rates and urine outputs of postoperative patients. The interval between estimates (twenty-f~)U~ h~)Urs) was forced on the surveyor by lImItatIons on staff and funding. Ideally, more frequent estimates (e.g. six-hourly), would have provided more detailed information.
Hypoxic patients
Twenty-nine out of the one hundred patients surveyed had at least one hypoxic event. That is a significant number of patients in any terms. It is important to remember that oxygen saturation measurements were made only once every twenty-four hours after patients were in the ward. Thus, it is likely that some patients had saturations .;;; 90% for prolonged periods and that others may have had significant desaturation but not during the two to three minutes when the measurements were made.
It is of even more concern that when a p~tient had been identified as being at risk, eIther by having an hypoxic event or by having prophylactic oxygen charted, further hypoxic events were detected. Fifteen (52%) of the twenty-nine hypoxic patients had more than one event. One patient had four detected on his second, third, fourth and si'xth postoperative days. Seven (24%) of the twenty-nine patients given prophylactic oxygen had their oxygen stopped prematurely, and were subsequently found to be hypoxic.
These results imply a failure of the current practice at this hospital to deal adequately with postoperative hypoxaemia. Monitoring, rather than treatment, appears to be the problem. Only four patients had hypoxic events while receiving oxygen therapy. Three of these patients were hypoxic upon arrival in the recovery room when all patients received oxygen. The fourth patient refused to wear the mask device prescribed and would only tolerate nasal cannulae.
Current practice
The anaesthetists and surgeons in overall charge of these patients are all registered specialists in New Zealand. Palmerston North Hospital is a registered training centre for anaesthetic trainees of the Faculty of Anaesthetists and general surgical trainees of the RACS. There is no protocol in this hospital for postoperative monitoring and treatment of oxygenation, the need for these being based on clinical judgement.
It has been known for many years that medical staff unreliably detect cyanosisll,I2. Pulse oximetry has already revealed hypoxaemia during anaesthesia l3 -15 and transport to the recovery room l6 ,17 of which anaesthetists were unaware despite a theoretical knowledge of the changes that can occur in normal physiology during these times. These findings have led to changes in practice in these areas. Use of supplementary oxygen during transport of patients from theatres to recovery room is now common. Pulse oximetry now forms part of Faculty standards for intra-operative monitoring from January 1990. 18 Substantial morbidity and mortality occurs in the postoperative period following abdominal surgery, e.g. pulmonary embolism, arrhythmia, left ventricular failure, myocardial infarction, confusion, stroke, impaired renal function, infection and wound dehiscence, to name but a few. Hypoxaemia can contribute to either the cause or the severity of all of the above, and should be prevented if at all possible.
Despite our theoretical knowledge of the causes, course and treatment of postoperative hypoxaemia we are not adequately preventing its occurrence. Because oxygenation is being predominantly monitored by eye, we do not recognise hypoxaemia, and so do not treat it.
Monitoring oJ oxygenation
The gold standard of arterial hypoxaemia detection has and will continue to be arterial blood gas analysis, but accurate and reliable pulse oximetry is now a reality6,7 with other advantages in that it is non-invasive, painless and can be used continuously if so desired.
For whatever reasons, arterial blood gas analysis is performed less often than is necessary for adequate monitoring of arterial oxygenation in this hospital. Otherwise there would have been very few patients found to be hypoxic on a once-a-day survey of haemoglobin saturation.
Pulse oximetry has been rapidly embraced by anaesthetists and has become essential for the safe practice of anaesthesia. IS Like any monitor, all that it can do is warn of a hazard, appropriate action requiring a vigilant clinician to interpret the results. The incidence of hypoxic events during anaesthesia and surgery has been estimated at between 5_20%13,14 in adults and up to 32% in children,15 which is approximately equal to the incidence of perioperative hypoxaemia detected in this survey. Perioperative hypoxaemia is likely to be less severe than that which may occur intra-operatively, but we cannot ignore these findings that perioperative hypoxic events occur with unacceptable frequency.
Pulse oximetry, even used intermittently, will allow us to better monitor and therefore guide our treatment of perioperative hypoxaemia. Once oximetry is available in the recovery room and the surgical wards it can be used in the same way as thermometers, sphygmomanometers etc to aid monitoring by nursing staff of one of the fundamental necessities of life -adequate oxygen transport by the blood.
This survey demonstrates that abdominal surgical patients are inadequately managed in relation to perioperative hypoxaemia by current practice and that pulse oximetry has the potential to decrease the incidence and duration of this problem by guiding appropriate therapy. Whether other patient populations would benefit has yet to be determined.
